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I, IHTROPUGTION 
8y##ty©scopy feas f#wid «!#« mp* 
pMmti&m la maa *fpli#a .rnim feii® 
#f lapip«pr«i equlpmtat aa i^. tecbniqu®* fli« ifto» %&#©-» 
wtl^ al «pp3li6iitl©a« l»¥#: wtis© la tfee 4mtm'XmimMm mi 
mmvgy tmmm mtmmn mt@m ia. 
th® bmmtm »i s.peelfi® and wg« 
a#t£e «pp:ii«mti©a:s #f 
4«'feii tostf® -etstttMlmtei i« »«# -©f siivaBC®# laatf# In. 
mm #©tip.l«x Isf i»kiag :p©»ilte3.$ 
:@f -itni .pF«.«f «f fpitbdsts witb #«wpara%i¥®if siaa.ll. 
aii#«ati &t «.fc#ria3l m *.lfM 0..a^«ia4t. wbiefe, &m t.o# uastatjl# 
fop ©.©av^Btlciisa.J •0h«»ioa.l ftftpiS ana •tmtat.i-
tatl'f© &aaiy»«s bf .©^©trophotometrlc 3s@tlio.i.s imwm' nm h®Qmm 
' fh# atoserp'tlm mt »#iat'loii. is a-esompmaiei fey Qhmngmm ia 
tilt. aolteaj.# wfeleii i#p«(a oa tla@ ef tlhi! 
Fail«tl-oii intftlf'di* In gmmmv&lp atessrptlQn la. tii# far lufm-
red pyoim©.®# .laoleeular rfttafe.l#ii| th© mmw ©ori^ espoiids 
te .atasts o#eillation® *fc.s©rptioa ta tUm &a& 
mgimB r®«m3.ts .to ®l»@t3P«a.l€ aetivatida ©f 
«ol.@e.al#.# • fte®-8© •mimmgrnm ar«. fu«atttl.»#i mM im&l'tm d®.flijlt® 
fmaBtit..!#® ®f #ii#rgy mhiQh. mm ®f th« ef fr« 
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til# M»i# It allows skater mm^^mrnt* C©r» 
m%mmm tb# spse-tm mi& Wm rnhmwmmg mm 
frsfu^afelf ©^soared % e«feiaatl©as h&tvmm tli® ' 
flolute aad fcto polar #oi;v«ii% ffiol@eiilea. xt is »«##ss&i*y t® 
««a oaly «# ®? t*o iflrops #f al.«-©liol %# « siilofof®»«i© i^B# 
s©iati#B t# eliisag© the color pwtple t© br^waj fcb® e^pli-
mtlng «f til# salfgsfc mj- fe® ainialg«a to -sot© ext^afe 
bf til® »#« #f non-polai* iolvents..# 
Aa«mg stearpest l»n4s ©tessFrsi ia solids h&m b#«a 
©f tB6 miw #«rth ee®f«(«tds tbB lift# 
&pm%m ®f ga:s®«.» flie ©ipl.gla of thm with tli© »»tal mtora 
Is Amm toy « eesp«yi»#a «# different sai.ts tevtag tb« smm 
®#ta3. ie»i tb# feaais f©«ni is appfexiMt^ly thm 
smmm pMm Im .©ipystals ©f S'l«l.l«f fli® mmsm fo  ^
th© imasiMl. ,sM.i»p»®s« «f tfa« «f tfa# wmm ^srttos ©rlgi-
aat®» iB tbei? «l##t3p«a,ie ©onfl.giii?«tlaa:t Is®, Ip®, .-Ss®# 
Ip®, 4.S®, 4p^0. Si# 
afl®« •f»'« «leetr«aie femasitioas -iritMa tfe# l.aec^l#t® 4f 
«1»21 «id' th»- e«pl®%#i Ss aai Sf elwll# F@i»« fcli# iafia«ii©® 
«f a«l^to©ftBg *%•««. « %li#' ffa# ta©6spld%® 
l&jmw is not ff|jii.la,^ ly ©blsliei ia tb# i®as« of ©tfe®i? tMasl-
tlm m» irmi «ai @©fealt asi timlT 'batti# ar# 
i if fas® kh«i tfe©a® ©f tfe# f>a»® ©mrtlis &t M^hmr trnmpmrrntrnmBm 
ffe# m#tl©ii mt t,h« effstslliae tmmm ©a thm i©:g«n®mt« 
l®f«lS'Of til# fwm loii'0l»ng©s tb# «f th# sp®.etra 
frea tJaa-t -©f gits#.#as lorn wlile^t is onlj fey tb# 
•• -4 — 
tfifflotnoal. fields #f th# mtc® ititlf to ©a# Mvlng & 
©f e©spoiieatS'» -'la «dilti©a ta tfae «l«er©«s« la i#gstt®r-
ftsi', vil»»ilQa«4 aaS oselllational l»v@ b#«s ffnaai 
wnpmwi^mma m th@ ©lectx-onic f:r«:ta#ine.t#s# Thmm l,la@s-
msmllf mm wmmU md mm not fmmd frm. s*llj t© salt* 
fb®j ®©emi» m fcb@ short-waf©«l#agtb si#® s»f tla« *!» llia«s at 
distan©## M witli fcb# l«imii fer tfe« aaioaj 
fmdteimt*! %hm &wfm^mX Mtttm mm a.l»# fmm& 
F«;P#at«i ia\tt similar 
ws®itp©fc was wtti^rtaken t« sttiif fartii©!' #oib® of tfe® 
for©#® «xiijfc«si la t&© «eili at ntc matf t# pp®vii« ®apsrtii«iitAl 
imta tM efeisskiag «jf te©©»tleal werl »mmh m» tli® p i^ie-
tioa mi oa^stle tttseeptlbilities »iii tfec3f le teats trm. tbe 
•©a f^gf :«%«*## ©f a©l##al.-®,' 
It feo develop a »#» m$ rmpM 
ef iatemtaing tfe# #bsorptioii sp#sfera of solia# to 
tb© sl©» -aai- pli©t«g»«plaie 
*• § • 
li. purv .oijb v,rvK-a--r5j,fiois; 
km Methods 
de^elo^ferits Im tfe# field ©f electronics &n& 
•»€#• p@i®ibl@ tfe® #f 
whlsli will plot an 
©nw® ia ma little as a f#* aimta# wltfe .an &WTm mt 
l#s# tliM If' ia ffe# «-o#ffi#i#iitsi 
thl® iM in ©ontyast t© 4fe# earlier ©f report-
lag th» ©f tla« Mai #ag©s» 
®f eoiielett® tff« ©f miMi gmtSag 
Al#ag tlii® i#v#lQp»iit of M|#i t*aality repll0a gratings 
.lifts lei t# A .ii©j?® #xt«si«iw mM ©t .gratings la gp«©tF#pteot«®* 
t^m-rn: l»s points  ^ oat tliafc %&# aivaatagsg -pi m 
^mVlmg l.i« is %li« pmmv tm m. 
glvm tav#«%®eBt; this Is p-ajptieals-yly tm »pli©a .gmt:-
IngB mm relatively gfatlag Is aaffi* 
el«at t© rnvmr tto« ©at.ir® tfcat mm l» phs^&grmphM-
la sir#: a pFlaa iiist«a«:at amst M.m iat©ipeljaag#abl« 
glass .fflsiet ia #.^«r to m mMmSm^torf 
«31sp®^#tm m&w^ a »ii@ »ag«* ffe.« 1#* iat:««si%l«a ©©moalf 
«s«00lal;.©i .gmtimgB fea*s b««a. wmlme4 t# a lt¥«l 
M# *lt& FFlsas % tfcs w# @f «a |.fp« «f fullag 
wj- icfc tlsi»©wis mm% mi tti# ®a«3?gf r«fl®et#a f.^ <» %ls« fa#« #f 
» ^  
til# Int® ©a# fi»t and toy r#:p3.m.@tiig t.te« •apes* 
lalm m0imt orila«i?iif m%4 with aa 
@f liigli On© of E* W. Vm&&B typ® 
•gr&tiafs If toFlsm had 80^ ©f its llglit in-
m» flfst- tM# ieatter@d llgfet ,f©;r gating 
lastyiiatnts was l>f lafrlsoa t# Ito® iesa tMa & 
of febftt f««i 1» «: i>rl-s» la#tinas«»t a»4'-feb# dipse-tyal 
pirttf might' fe«- *itfc tl»l; .ff0» a 
mrnimixw^mtrnwrn-
fi • Ca-f  ^ «Bi &i#faaa«i* e#a^r«d might grattags. ia-
eludlaf b'®tl erlgiaal# and r#plleas,, with priBm ia. fivs 
©f fb@y tfe# llglit 
l«ft¥l-ag, tla-« «*it sltt witfc and wttton-t tli© ®f a s#©* 
ftMm' *bi©fa s-saifMteij ' th# 'ssa i^ftlirdMfcle 
itght tJHLt t»iisaltt©i ao«t -sf-tl# #e.att«,TOi light | tti« diffe-r-
©Be# in, %fa« after tli« atoserpti-oa ef light 
the filter hmm: e©»®§t«-i f#r wma t«k#» ©»• s 
•of tli# a©stt®i*#i light-* tii« ds%a SmMwrnt^ S tlaat feb« 
pi»lsa 'hSLS m m&itk&S- stfaaibag# ©»-!*• tb® @pstiag wttb 
mmpmt t© light, fb,® laek mt mgmmmsmmt 
ttim mm-clualon -aad tlm% hj Ha:rpis©ii 
«:ip«s# fr©» tim mm mt AMtmmnt m&lltj gmtimgrn oy 
•udKafciags-. 
M«km  ^ bme a»i# m #a«fa?lsm -#f- tli# pmpmptlmm mt t-arlems 
a#aat.-lags wm- t» -©f tM-s#,# tli® pr®p#rtl«« «f tfe»- lagl# 
mi& t-li« laisworth lead t-o: tii« mqvitmwm^%» 
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spaotrophotoaetera sletig wltM a erities-l. enal|-»is 
of tis®. Bwrmm &t'Ammptlm A stogl© of 
aoacM3fcr©i»tlo radXafclon fycwi a aoustaat ii©iio©hr«s-« 
tor la alteraatel^  pasaefi thTonnh the sol9@a% atnd the saliiiloa 
by shift lag tit®- absorption cells la mt rot tlio hmm,* fii© 
plioto®X«etoie ouOTent produeed hj light f#«fela,g t!i« .pb#to« 
#©11 is -aapliftal 40% 000 thmm hy ttiti# stai Is 
'bf & galvani»et©i'. Tfe# mag# ©f thm iastrum^nt ©s-
teiids ii^om :t800 to 7800 an:-:stra6« aai settlsg® 
ffisy b® aa#® vitfc tm mmurmf of «!• aagstrowi th# ap«ct.»i 
region Isolated i« 10 angstroir® m- lesa. ffeis li 
-cif proi»6iag -t-eff t« »»mlts slse# th# tii# of 
fcmt a gljsgl#. liglit i^ia siich mm-^sm as ij-ff®!-©*!!©©.® in 
ffiiTP#a pl-ot-os«lls 'an# im t»lii ©ftleal. .i*.tli« whleb ar® eoaam 
fco spltfe-betta. ImBtmmmmtm tmt tfee l&fgs aasust ©f tl®@ 
cjuip^d f0p, til® of s©llii*tlmg l«ni«s, tti«, 
tloa <9f .tfcs prism, asd tlis giilftlmg ©f e«lla its 
wl»#» 
«a fef liogii#i«  ^ filmst-»t« tbs 
aeeessity #f .gecttrliig sttffloioiit seBsltiTity and ils i^^ loa 
to Isolate a mfro* spectral regltm^ fh® sfsetml p&glen 
lselst«i. is defined ss %b« wi#tb #f th@ seesaa# «l.it ef tli« 
M i^setercjimtop pli* tbo vtldth of Vb» im&gm of ill% ect«- on tis# 
plmam of slit tw© la terws ®f asgsti** mitsi s#i» e«af«tio« 
mxtmtm. »g»i^lag thlt t.«m a.iae« mmij lustrvweat mtors eal-
©alat® tlii» -¥alm# 'toy mtisg s s-«is.©a€ slit -©f »e'ro width* fh® 
m&lmulmit alasoi^tleii e.#®f fill lest ©f %tai«Be at t540 aagstf^s 
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eivss* fli.0 B-iiodirioatlon has a aaeii limm Sf»®%^y aai wa« 
m pa©ttd-@trig.eiMi «»i felsxiali tw «f tli® g* 
*®ilfi§«ti©a w#r« mTSBervm &«% ta milj a f#* wer# tli«f 
•&»© t& pmpm« in tha pw©  ^ mm 0.-«^£fieafct©a, 
Is eable tM almiidano© of linos i» its !}sbye-S©l3©F3P«iP 
Mrngmm mwmspmS* to thm larg® malt e#ll *hich eeapttaint 16 
melmmulmm t'tm gestmidxii#® 
»as femi, t© fe® appyoslmately 10 m m ##g®. 
tfe® ef. tim. wmtmm mfstmt aoilfl-
®ati©»s f©ll©iw»i u emvmml pmttmw&i %he Mmgoirnl tmwm i« 
.at tli« liigli®.st tfe© pmmwAotrlgmmt typ# Is 
•tstel# teapg-mtttrsgf .»aa tfe© ewbl®- .ii©ii,fl©if 
tlon- is stabl# stt tte« %mmmt ^lya^i^lai® 
relations of tb® »«» s^m& hf tli® at.iEailo,. 
mmtbmm ©f tfe® against ttoi at whimh tSi® 
eoj»«.«p©ii^lai 4^«ta.l.. sodificatloa#. mm pF«pa:»«i» t&« , 
gt-aa •sli.»w#a tb«t tfe# «tsl>ility ©f tim- toil^ liwal la.ttle# 
i#p®a#» mpm tfae iswa^  ^aa# tli® teap»&twp®| aai tli»t 
a .g±v®s of tint ©artfc .a»8'%ui©x4<l®» 
•is 8t«bl« at Imwmmlnglj Immw t#iBperatures, tb® s®a3.1«r tli® 
atoralc @f til# p»i.l#ts tet t»® 
«xtde f©ip mm «aiptliS| tJfeios® witb tli« lower 
at«al« nmmh&rB mm. «ist la tli« hm&gm&l -m %im ps9w&:&» 
tvlgmmt -aai tk# ©tii«w. a» fit«M© i» tit# 
p#©tti#tflg«sl sai. cubic f©»s..# fib# ©»li#.s *@.» fey 
tfc# aiftmt# «r tb® aai tb# .grttXfat© m&j 
b# of .liSO® €• «a4' mmr* For 
fsry blgl a, »mll piil mt vm^m Im a bf^iraallt 
press aiMi feeld in ao oxy-ao©tylea« flaa# *ltli a pair of aietal 
plnmm*. ' . 
ftie' Ijgagonal »o3ifleati#s of lajithanuffi sssafmictxld© ms 
obtalnsi Coldsetesldt^'^ at 550^, XlOO®^ 1300® aai at its 
»ltiiig .p©iati fe«i waa ttltbmgfe 
tti« im&tlmg tlm at 550® C* «» mM#a froo t| t# f# b«ira. 
%iMtl aai §»ats*^ pr#par©4 imsmgrnml %AmtMwm 
by ignitlmg l«nt3bftiiia aitfmit Im m plmtimm ii#fe tor 20 boaips 
at 1275  ^ S«| fti«y etessff## ttet ttortei' fesstlnj tliwi ©r fell® 
mppliea%l#a #f l»6r teis f^atmr#® ©xii# mitk 
dlfftts# SJIhl>©Fg^^ was able t# m e«fel© Mo<31fie«.-
tloft #f laat&aixaa oxl#® altfeotigte %he seMme pmmtA®€ fey Sald-
:s€liiiMfe i#©t ii®t predict a st®M« eubic form f#r lai*tiimiMa»|. 
Is aiiitlpa t©. tte# eublc aad g a^iifleatleiit#^ t*#. »t'ii©f' mii®a-
tifirtl® f®wi« pattam® »#»# s^sswei,. Igaitloa ni-
tmM®- tmw S &00® C% gav® »• tfe&t was ' 
tbftt: &t tfe® eubic nor tM to#aioi»i| a frnFtber lgal» 
ti^a at 4S0^ G for 80 hours proda#8i tlie cubic a0iifl#a%i©a* 
#f' 1 p&T cent ae^itaoi to tli# 
in tm t&rmmtim sa©%h#'r aateOTa .aedlf tea-
%imi* Llfkm of W» A«typ® ©xii# first &ppmmw9M la tto® 
wstttmrm aa «a»p3,#« ignited at 650® C, 
A ©f 11#4 «&s fomi fef to® 
aalt e#H of th# euDio neStfi#atl©» of l«ntliaiitw 
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with to&m Imm »ilt# tbo i«.s are at&jpiy ia eubie 
p««kt»g mm4 «m#ii mtXen im hj six u^gea Ions 
pla©#il «% tfee corners ©f a blgblj «a«fe 
#xfgwii Is #«Bon to fotjr oct&bedra»^ fl» «uropiaii %© 
distaa©# Wy fattM»g 1# 2*m .«iig«trea.® .eii he st&tm 
pestill# «fe«mg®s is tbe- oxf$m fftraiaftters with shatig®® 
ia %h% mim ©f tte aiglit- mwrmm mp t# 
0.1 angstrcM.* 
fM fr&t®#dfiilw ion sffeMe tte opportunity for 
tti# efesekittg of tfeoorstieal. wltli 0xp®i»i»«ntal 
wmlmm ©M«lii#<S- fy«i sp#etrm aai Ms %©«» stadi^ d 
mxi-mslmlfrn ^Itfela- tb# iae«pl«t« 4t sMll 
©f the mrs im »aalt la a%»-©i«pti©a toaais ©f -isitisiial 
sfcarpssss/b®e«ia«:S of the shleldiag ©ffeat tli® ©at®r 
flrat rtt:r@ «ai»th, ceriuB, eoataisi emm 4f ©leetron 
and • its tfe®' o&m teaiii falifng ia tti# 
lafmrsi co sj["?ts -&i uiffiasa feania M tb# mltr®*lol«t whlwh 
ar£»® fr« to tli# if ah#!!.. ffe«. 
mnfisarm^lm of the prsssod^lwai 1« is tk# slaplest 
ease ®iii Its sbsorptlon tp®et» -@«8lgt ©f sewn gr©at» Qf 
mb&rp taaai«|, thrmm «« ts tfe# lsfrft»-a,, Qtm. la tls.® r®d, 
tb-mm im tb# bltt# Mgion, 
Sptiilng# 1»®, and »»«#ar®i tfe# &taB#rptl« 
hmAm -pyaseoayaiw* at tO®, 105®, 
Mm^0 •mA E* mhmrnM «Ki;t®iii#i lilt lav®sttgatl®a8 t® 
iafraip#4 a»i .toa.® reported tii©. atosorptioft sp^etra »e«# 
»!• ••p-i 
5000 t# 20,000 ca. . MmwM to-
tb# ste»#irption spectra of %b#. f©2.1#wliif ««l#s &i 
salts mi trying crystal nymm^rft l^mafcoiial 
frglg^ClO l^jg^M^O, PrCBr%.|g-f%.0| 
f ®tria.g«aal JPrgCMe%|g| laiceatoie .f rCGe%BrgSOg)5*9%0; Iobo-
#liale Fjrg|S04)5*&%#* sttt^led a ®i»llitr 
ef salt®' a»i &wme of tM 'Mtfmm hm^M tot# sfeart 
ele»i--lylag lia«s with tli® mm #f llgbt parall#! 
eoat^rlls.-
utou stailar •«&%&. « 
fM aIlw»M« %, %, misi % 
'wmm mleul&ted toy Gibbs, Wilber, Had f#r tw& 
©Quival©nt 4f electrona of fr If« It Is g#s#»lly mmmp-
tbr©« Mntft ©feaerr i^ ia tM# bJm« 
regie® aris# ir-m %Fa3i®lti©r» twm tfe» gwmmA s.tat«-©f to 
1®«1» ®f %, "na '^2. th# «a tana hM bsen 
wa^oasly i#siga®t#d as m trmmltlom tw^mm tli® .greimS »%at# t© 
a l«v«l by Ellis^^, to a ^ , «# %® a 
tof £aag# '^« tett» t© tti@ l#vtl.s 
hj m. %b# .grewod#' .tiist the tesa^Il-Samier#' g^wplliig 
tof laiiis f«r all l#v®JLg %» im frm hmimg #to#y»i f'®r 
tit© l«*sis «€ tl»t' %li# *itl«h li® »#g3le«tei 
isaeimt t© as. mmmh m 1,000 •cirt^. Spttilsg®^ tb®. 
• 1# * 
tm fir If trnMng tb& dffaet of ptyimFM.tieias %m%0 
«a4 ©xoellent «^#a«at wl%h 
%k» theoretteallf fi»ai3,<5t#i bands .h®v# te#©» 
fsaai «x0«pt «« for a whiob falls ia # 
^»gt#a #f %!»• iMwmm6 not yet ©te##rri-4 Mi a© ira»_ #%« 
wMm »m» was pr©dxotetf» iixs i« ©m-
sl»ti«a% .• wliii stailai' calcula%l«ii# • *®:$©«albta^ £mw %M upmrntT-wm 
for t* I¥ wiileli 1# the companion rmm mmwth Fr I¥« 
fli# ©mplexity of th© «p©©t3Pa i«  ^a Stark 
fb« ®f thm 
splitting #f « i«¥#3. is go¥©m«a tef til® l»t«asttf ®f tin© 
f 1©M «ai tbis ©f o«i»«#stts 1« 
by, tfe# fie 2.0 *S well m tb#  ^ &S! tk« fc®». 
i»» «leulat@a groat tlieoi^ the a*b©r ©f l«®ls 
py©ia@:ti3- If the splititiag »f a t«» »f glwa  ^ •m%m» ia ,ft@M« 
@f til® %&• about tfc® absorb-
l»g im, tii# gwmtm tfe« »M|}©r #f su-^ tfe# -aBmiteaai 
poasibl© is s^asil %« l# 
A variety ef haw te«» «##i tm 'prnvMrn 
tl^  *» t« tfc® 00pmmtt®ii #f 'Immw •&&# 
%# ieduc© tn® .»a@rgy iiagraa f» tfc« i»* 
»s«i If te*©l¥«» m #f tii« «.p»#fcm 
at aad tfe« f*:@t ilmt tUm 
sbgerptim t© « giirm ti?a«sltt©tt is pr®p©rti-«»3. 
t© til# «f st«i- ia tfe® fiPM iihl©li til# 11»® 
A« th® .s«sp3.« ls-:©o®l#i^  tlaos® Mmm- m t^slag frtffl 
If -
will ia intensity mmrn fr-i» tb« 
eager | th# itstrtteMoa 
mMlG- 'mtwmm a given Imel %b# Ijasl.© m.f to© m%&m* 
twmi ttee Boltswnan relationahlp If -%tm t«ap»i?atur® 
"til® te®fewefin levels mm te®wa. If fTmt 
the 1mm stst## tomlnat® la it, mmm&m %hm stpa-
mtioa# #f tbmm fe«.ai« QOTr^spmA t#- %&# ©f tl4« 
lower «•%«%«» -aiti •bb*ae infcorvals will b« wep^&ted at #aeM 0©a» 
s®B . 
WmM^^ %k# siiifts.' Is thm preittee^'^ 
r«fl«elsg tfa« #f crystallization *itto «ltfe aai 
tef #»l«iglag a-iK© fw im salt#., Mmm 
wbiefe mmm m&wUMlj fch® :»i la aedordaac® wifcti tla 
-im&M wm^ iiit©rpr»t«d s« Mtag witfe m 
Mt%i« 'wiMmMS.m* tli« m^m%wm, with il#it 
polariaoi f®3ppenaicular to tb# axis s»i i'mm^ 
mmf %hm l.iB#s fea<l ai«appe«i>#ai t&® ©f. tb« 
p«i»p®ndietti&F aa€l p«y&ll©l n&l&tlm wore the ««»- a# tft©s# 
ot>«®rff«<S f» iJ<»tt-|)ol8i»is®d radlatiem* Fluor®se#tt@« affords 
tm spectral imt®rpr©tatl«i« wiiitfc !#• e'i®pl®»#n» 
tftf^ t# tMA ©f &l3Sorptio»i emlaslon lis®# sr® ,pr#i«##a toy 
traasttlsias fFiw » hl^er-ljlug t#w t# tli« trnwmm "Oa-
fortunately, a© pire praseodyjnitwi. »»p»ids fcitf# fe@«a. @l>t#.Fr#4 
t© 
fli» tfp#s- ©f lla#i Gbserwa 'hmm list© thwm 
grouf#* ffc® t-orr«»ponciing »® .fii» ti««isltlms 
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%9 
%& eeaslst of several Intens© liast • §• t# S 
mp&wt* • It *«Mi. Ai#iiai«4 ttmt etom twmmltima. m&m iorhiMmm. 
when the mmtoer mi eianponmts wsa leas tMn tMt ealcu« 
•pa 
lated by Bethe lor the Byr.-juetry of th© crystal flolcl, Th© 
mmrngj ©f mmm smltg mm gi¥#3» la table i« 
I# til® ©xtsiit &i th© s«pa»ti«i aai th® #f th« 
lowair le¥®ls mm tto sfegseti# sttsa.#f»tibilitf an# sp®-
olflc li«at a*j b© oaleiilated aa  ^ quantities ehecked, wltli 
expertir.ental values. Th® theory #f paraBiagiietic suso©ptibill» 
ti#s fmw ,iss©s hm »ltli. momMmrmhl^ 
suecea-a Blmllar ©alaulatlon® for tbe rar® 
#artfe imss tk@. »tallie im Ims ^#n. «# f i#li #r@® 
fe#estts.@ tli« shielding #ff«ot8 of t^-«« 6» mai Sp sheila m 
th® 4f #le0trons respoasibl® f©r tit# p«i*ii*g»©tlss. flanf sub* 
f ollow tb® law ©¥®t» « eoosii»»'ol® 
rang# i» f»,f#:?eas« t® tlie i,«.rie law, fan fleck  ^ peiR%#d ©at 
tMt ©al^ tii« mmwgf Imvml ae»i fe# t«a»i4«y©i in tb# 
oalemlatioa ®f mgii#tio susceptlbiiitf If thm #a»y-gf 
®ne@ tw« lowast states 1« larg# t© W 
siae# leas *1%  ^ i »lm«» will to# to luappr®®!-
abl® quantltia®.* st mwMmmwy tmmpmmtmmM M is #f 
tine ««iB6 a# tli@ ea»i»gf sefaj^ tims pro<3ii#s-i by tb® 
#rytt«l. field ami ana SoMlapp®^ ®©ii»sa®jp th® fmiltti* 
of hm%h thm CmpI® «ai tii® W#lss %mwm mt •©yy i«w 
to mmiilt fr€« t:li« spltttlmg ef hj tti® 
•l#0tFle fl«Ms ©f til® s«Fi»«wi#lag t«m«* 
1 
mi smlts 
21,559 
f^ 2{s04)3.8%0 ps-ccghgso )^^ * p^^gmggcnogjjg* 
9i|p0 S4%0 
eiiig^  ^ miimm BIIU^^ imiiw®^^  ^
© 0 © 0 0 
60 M. 12 m 
110  ^ 110 . « 
180 ®1, ®% %4 
230 i» * 
§00 •••to, 
16,686 ^ 16,708 ^ 16,875 
^6^ lu,79B ^2 16,858 ^4 16,897 
17,184 18,956 16,922 
16,936 
%Q ao,7S0 %A 2o^em %ii 20,800 
20,842 
SI,158 ^ 21,275 ^ 21,420 
21,238 21,2B9 21,461 
22,410 „ 22,621 
%g, 22,480 %o 22,654 
2S,68? 
22,715 
SI -
III.. roiMWifAJL 
A* d®slga ftf Ap^mMmm 
A -gpattef «i8fc©iflaf a. 
©i^fomia#: high dispersi.os.«ai^ #p®®t w«» 
• j f ® f  m e  I n  t i m .  A m t m i r n l m i t l m m  # f  
soiiis# The my M @«wft#a. iat© m s-tl0mM& 
grstiwg spectrogrA-pia- mm-mrimg %b0 Tmmge fr«® iSiO t« lt#00 
aagst^Ciwi with aa ftJmost aomal ••©f 11 tegsti»*»s' p&r 
M3.1iii@t«sf| »iig« tfc« I# limited 'fe© 
1000 t© lotoo mgB%vms itf tb® tdasltlifity mf 
tfe® mmimmrn-
ffe# sstoeaatl.© mwrmrngmmmM ©f tli« lasfcraasat my to# s«<8». 
In Flg«» 1* Light froa ft !»#&»§«#«©»% li«# 
m « hf&wmgmn i» rBeoa»#4 tit#- »ltt Sj Ijy th# 
«;®jfta®ttalag l#aii wMafc tm at tli® f©©«l #f tb# eos®8tt« 
aif®'®r * Mti fills- tfet -gmtliit t mi%h pii«ll«l ll^i. fli# 
Mwm •isr#mifefe foems wit&cat 
iit tfe# s-lit .Sg -mA tfee- solllMitiag l#a». .1^ cell»#t« %hm nmrrtm 
miiati.-©» pR*.»#» tfaieov b oa® &t tb» -out© tfe# -eatli© '^® 
©f tli» pii©t#»»altlfli«i»* -ttm- .itapllfl-#i pfc#t©«-i#©-tir-i-# 
Is mmBmm'§. hy m'b^&rvmg tha d-®fl«@tim with & 
fc#l«s©ofNi- and mm seal®-# 
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mm 
m §lBp&mlQn «e«w« as the #lit %w mm^ mmmj trm tli# 
tli« iat«stti.@s «f til# lia«s wmm wigulated- *ttli m 
diafbm;^ te ^obtaln a galvanmrietea? aefleotioa at ©a# «#t©F m% 
%}m MttiMttai feotfe slits wer® of ©^ml ai»S tli© 
yegle® was two sngstpoaa* On® tmm &i %ii® sor«* 
©©frespona® t# It sagatrejw# «na a wav# mmf %m 
t© 0»1 angstr* If It i« twm tli« 
sBiMi® «ti« @ach time, When tli# slit Is f©pla®#i. '%• tli# 
MMm «tti return#! tm tb® Qmvmmt&m twm » 
sp«®tre^awh t# a spectrophotometer ,^ tli# sjiift la tfe# 
ti#» CUP*® ««o»ts 'to Iffss tban 3 aiigt.tr^a* fli« ghmfm- mm4 
©» mM tm th# slit «i plmt,0bQ%4»  ^ la 
the f'PSitS. fi«a# w®r« adjutted tef tigbtssaing 'er 3.-o«s«nliig. th# 
f^rstag aattl -satisf&etospf tmm fMtsg w#3r« ofetslji»4i 
tills i# tmr b©tii «lit .anfi pla%«1b«M«3r' 
since tfcslr 4i«taae@» tb# ©am «» %lis sas#* 
•fbs m^lmm lit tM# t#stiiaf ©f thm 
speetwopbQtmmtQW •#!?« #»© t© t@a &ngstr<ms fei*t t&« 
l^wm ISaits of tfci# »p#Gtral Mai widths .!»¥•#• a«% to8«ii 
fit# ainimujn band width occurs mt 8000 @ngatr«» 
ssftf the mi the tube sensitivity; th© width r#* 
•ialf»d «t m gt^«» wmwm lesgtli is 4«t#Mia®a' hj th# sp®0tm3., 
diatrltotttlee of tb# ®ae.3rgy -ttf' tbt^  «i. tt'® , 
s#aaitivity of tb® fb# s#ssiti¥ltf »ini 
ac©iir«isf- 0f til® spt^tifopliofc^M^t®^ mr# fey %bm sta--
teillty «f tli« |!]h,ot«^-maltiplle» -awi «f th# light 8#ar@» wfeteto 
lii tem mm % tlie ooast.aii«f ©f %toe alt#«iatiag ©mp-
y«at -ffdltags smpplf ffe® i»sai« fa.»©tttetl©a« %m llii« voltag# 
w#-f# 8# -gmmt mt s©rt«lii p®irl«ds of %M %hm s.l©etr©-
mgB®tie vffitftgt fegiilatOF ibli«a to m satis-. 
Mml* 
lfc» linearity of wmmpmim ©f ib® spaetropbot«»-
%er, fest te«#ii t«st#d bf d©tenBis.iiig %ii» »t barlows 
wstw l#agtfe® ©f two eallbfatsd filter# frnmisbed tli© liifeam 
oi StamiardB. Aa indication of tb® a»e«Bt #f liglit 
was ©tet»l»®4 toy .iet^i-aiialiig tiis *ttli »aa, without 
smpfl,#a®at«i^ «lag botli a 11m# »mmm ami sa-incan* 
i«sie«iit laap» -fli# wlm«s ®to4aiaiti- ars .givm la fi ' sai 
f,rsa«al»sim i® )fl©fln®d a# tfc® r«fei# %li» Mitaat 
®m®rglag fr«t tfe«- filtei* to tteat iaeI4®»% ap#ii Vkm- flit#!*.,. 1fr&# 
©f lietli tli# aai fe®«s 
#ff©6tiv#iy «t riglit -aiigl®# t# tl^ a smff««® 0# tls# tlltm* fb» 
mmvm glmm mm in rnm^^Wm 
flh# faim## gi-fen ai»« ©f fl¥# 
mm& Wm vmrim» with tli« -of th# flue* 
t«tl©s« in tli« sapfly voltag«-# fli# lia» wmmm wl%h & sap* 
pi®»©ata3ff froduesi ffi«#elir©aatle- »€.l*tleii. as# tb© 
feamits ©li®sk B^mam «f 
%b® Halts ©f fhe r@«alts wltfe tfcs 11»« 
wltfeettfe m fia-t^ip mwm b#tt©F %hsm thm mr^mm^&nilng 
wmlm%s- with thm immmAmmmmt- l««f st»«# %li® ligM 
t# rnp-prnQimmj Mas*, ffe® high r#i; »©stitlf|.ty of tli® eatbua# 
m 
Table U 
frasiwiimim of ©f staaimi^ s filtsip tgsl 1® 
Wmm 
ittipeaa 
of 
Standafda 
Line 
Source 
^Si-
Source 
• Filter 
tmmm" 
<issc©nt 
iotarce 
Source 
» wumr 
7500 0,902 A. 005 0.890 0.890 
?goo 0«847 jt»01 0.848 0.830 
7065 0.72 ±»02 0*74t, Mm 0.753 0.719 
6900 0.58 ±.01 0.381 0.379 
6800 0,16 ^,01 0.1673 0.1724 
6678 0.047 *.002 ©•04S^- 0-*47® 0.047^ ©•46® 
6600 0.024 jt.OOl 0.0303 0.0249 
6400 0.0121 ±.0003 0.0158 0.0118 
5876 0.0138 jb.0002 0.0142 0.01714 0.0168 
5460.7 0.0477 ±.0003 0.0490 0.0565 0.0539 
4SSi ji.»003 0.818 0.821 0.840 
404f • 0.805 i.005 0.891 0.087 0,000 
fsfel#  ^
fjpam#«i«®l«i «f lii,»am ®f Stiaifiaf^ s Filt#r . 0©*$ 
liiremtt ilia# lb#aa- liieaad««©«»fe 
Wmwm Of Line Source descent Source 
Isagftfc St«ll#IIF4S Source - Filter ioare# - Filter 
7500 0.912 + .005 0.894 0.895 
7200 0.912 ±.005 0.898 0.896 
6900 0.912 ±.005 0.892 0.866 
6600 0.911 ±.005 0.915 0.916 
6400 0.908 ±.005 0.910 0.899 
S876 0.172 ±.005 0.1506 0.1630 0.1579 
5460 0.0000 ±.0000 0.0000 0.0000 0.0088 0.0000 
4358 0.0000 ±.0000 0.0000 0.0000 0.292 0.0000 
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rapidly, & of aai embl© fo»® mmm olatalaei} 
aa smQTpkem ©xia#- a,pp#a.F«i at ^ igaltlm below 
600'® 0^# • ^§aly a saitll .^ omt of tfe© t«tr«g<jaal tmrn was eoii» 
^#i*ted to tfe# cublg raodlf :Icat.i©a .fey .18f hsemfi #f lieating «t 
760® 0# i«d its SB. hmmm «t i$0® C. m« requlrefl 
to e«pl«%« tto# tfft»af©Jwit.loa«. If th% tnm&m i» .r&pid.3.y 
byottgiit %m a %#»?#»tm.F« • ©f . f 4®  ^ ©•, a jfew Mufa lpi.lt l<m of 
til# is sufxiel«ii% t# & p«r® embie ©xid#. A 
iilxttijp® ©f .tli« 1 ami 0 f@ms wat.® fey lilting fli« 
feyay©xii© '©foiP a bum®* f'O'F 11 boa.»| ftar%li©ip ignltisti 
m% thm fall immt mt & l®ic« proittC'ei n© e.baag« In th# 
relati.v« mm&mits of tfe# tw f©i®s.«. fj&« liiflu«ii@© «3if e'rystal 
ifcriietttf# m tfe# wultlplet @f europiw ©xlie stoowa in 
Flg«®. 5 .« fetpM aii4 ©asy n«%b©!i lug tb.© 
tyyi'tal minil.fi0atliias* 
hrnVbamm «#sQai®slie was otetalMd in tli® b#ag©na.l foTm 
toy l^itiag tl® ©mMt® s for *7f tocmFS at 
OiO®' €•,! tbs saapM »«» mmmi&d mt iat«rra,la im€l 
to l»iOT# -m mem .hmmtlng, A dlagraa  ^ «a<l# on 
tlilS' saapl® aft#i» 11 ©f h«stiag »Mm0& mm& 1 f®» t.© 
fee pwmma^* A py#|>a.r®i toy Ignttlag tlie hytlrexid-e la 
%hm ©l«oti'te. fttF»a.«e f®F .a.S5 .feo«F« .«t tf5® C... -.s-till 8Jsow#d 
trmmm ©f tfe® X £#»• 
Thm. X ao<i:lfis«.tioii «f laatbastM s«»<i«lo3Kld« w&b pm'p&TmA 
hj igaltlag %im toya.«'©xl4#. #v«r .a *©k#ip- bar»«r at 9&.0® 0* f©i» 
tfei# »«pl« e©atai®#i S p#!" ©#iit pmsa^dyaiioffi 
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Wl 
Fig# S, Infltienee of e:pystal StractOT® m. WLm 
Ettltiplet of Europliiia Oxide. |1) f®-
tragonal modification) (2) tetystgcmal 
flus small amount of cubic f©r»| CSl 
approxlnmtely equal amoxints ©f tetfag-
onal and cubic forrasj (4) cubio 
cation; aixt.mi'S #f cubic and 
.fs©«,d«.-trlgoaal »o41fl©«%i©n» 
• m 
teaiiag thm 2 t® %im 
hmmm§m&l f0»» J. ef m iaey# f®m -aiii 
til# he..»g€tti»l fflodlfleation ms f-r#p«t^©<l tof Ignitiag tla® lif-
a,y©zii@ ow;r a at mo^ Qm-10 iiotii?«| thim 
saapl# .«<»i%sla#i 10 pw mnt ii»as#©ayai» s#s{|a4«xia«» 
1» l«th©is of 
.S«»pl#s of tit® €«slipei tlii©te®s:» w«f# ami® toy sqaeegtag 
tin# o3Eli® past# hetwMm tv& pjwmx plat## «i scaling th« e«ll 
wifeli flye®a« mmm%» p&stm- was mi# toj- gfiaiing tb« @x:li© 
t#g©tl»r witli a iTOjp ©f mlmmT&l @11 ter & ibisi^r to a «tlff 
past# in an ag«tt laoftari thm tlile.te»»:as#» of th® saapl#®  ^ vmri.m& 
fpmL 0«<5t t® 0'»-001 t»eb« ffe« gl«a» ®®11 w## attaeb^iS to a 
pi«®« of em '^%©ai4 'bm-lmg & bole f-or  ^ tb# light b#aa and 
tfe© •it«s«»fel«a 8«Bpl# *as aooat'Si <m a w©M®ii iQ*«l stlek. 
ffe® l&m mt K* w®m md« toy ia-
mersifii thm s.a®pl«s la li^mM atti-ogea Im & l«yg« 
B@war flasfc" sifflilftF t© th^se i^aefltosi tef Sp«idilng ana 
It Is that fell# lltmi# nitipQgm. hm €(mpmm%tr»lj trm 
tvms. liiaii @xfg#a t:© a,t«ii th© wid© «;tig©rftl©» 'toands of tli# 
m$§m %imt mmit ia tli© mgim,. lb« mm&r was. pl«e®4 
l>#tw««n th® Itgbt @©are® aai tb# slit «#•. ttie -sfitstrsgfftpli aai 
tfe® ligiit psasei tl»©agli fey s#s»s ©f tw# wtnAms Imft taaail-
ir®F«i ia tilt' sli®« ©f tlie flask* fhm mom% satisfmetei  ^ llfiit 
sottTO® for th© r«gi#i4a mmmrM was a slagl® ,fll««®at 
39-
la#«B^#ge«at la*p with ?-»-6 mt 60 ifoltsi 
raiiatl^a tmm • tia# l,«®p w&gs. eiteeeiiti'&t#d m tfe# with m 
large efsadtajiiag In edaitlsnal l@ii« wmm to 
tmm a inag# of the sio^l© m %be slit ©f tb# sp«etr#-
gjpapli, fb® tlsr©««a®t«ip girati»g ms#i feafl an 
a.|aoa.t aowal ilsp^rsioa. of 11 p«.i» fli# «xp'©sa3p« 
tl«# f«r th@ oxli# s-awple# «ri«i fi»©it a- f#» ia %li« 
visible TOgico %© two day® la tli# iafrmMd ragioa* Htfaoiigli 
fear Bi#r® optieal ®^wfa©#s a» lBtr©<lti«t©i im tb« ©ptieal pttth. 
»l!i®a tfe® W&'mr is ias®i, tli# ®xp«saf« tta#s tm th@ l®« t©»-
f'eysatttr© F«a»la#a. «bGmt thm smite «» th#o# m&^m at roim 
t««p®-fat-ttipe hemmmm uf the i#isp@msif im tb# s-oatte^lug pmev 
•&t tb# hj til© of %im- mlmmw&l 
©il. A F®f®»ae# spestra*. was pli-ot«grapfeeia in Jmt«p®sltloii 
to tla# oxli® ip©etm wltli t-fe® aM ©f « Ifertiasnii. i-ispli.rs |^ a 
..atanfiajpi tF.« was msea la all r«glon« «c«pt free S750 t© 
8000 miimm the memn •sp^etraa is »©» sttltatol©* 
ffe« ©iasii «>f- #«bsltiisati@ii -of tb© si>@etrogfmpbl© plat.# 
for a glv«a r#gloB was ttiat F®©OTO@»d®d by la,f,tfflaii Seiafc 
Ce»p«af®^»- A lOS typ®. #aa.isloii mm» m&M %& a mgim 
ana wbm til# feft# lMe#a tfe© plat«s to b« m^asmr## 
w«r# ma-d# on %h& filow«r bmt mor® ©oatr«,8tf typ© 113., ©mulsiott. 
flie plat#.® w®i»« #xaii.isi«4a ©a « viewing h&m witfe %h<& aid ©f a 
Jew#.!#!"*.® lens and Wm mmxlBlm w«« prieksi at tb# «agas ©f 
th» lines whleb wer® too faiat te ©&s.@rf® with the blgli-
pmrnw aie:r#so©p© «ii tli® »easmi*lng eB,gl»«.» fh& plat© was th©n 
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A* S'i»yst»l Etruetur® of Europlaa »ad 
Lanthaawm Oxides 
liirepiOT' -0x14® was la erys%«i aoilf lea-
tioai, a tm form whMh feag g»tisfsiet©3?ily 
m. %hB t#%i«g©ii«l sys-tsia and th# #mM@ •«»« 
trlgeaal f#f«s wbi«& Mve toess previ©»«Ij y@p@rfc#d hy Qthm 
to©gttg.at®y«.» fb® z*mf -d&tm im %li@ t®timgonml e-p|^ st&l ai?# 
gl¥«» in 4* ''Bm ita«aslion# im feb® Milt ®«11 «j*© st»l« 
la,r fco tbos# ©Ijsei^si f©  ^ t!i« fc.&3£ai3onal setflfieatl^a ©f tfe® 
#a.i'tfe ©xli#s teat tfe® Ammltj 'km 'Iwen €#®f«as@i tmm 
f t© 5«4 toy tb# »#i« l®®s«ly pagl£««3- ai^®ag@tt#a^.» 
fb# erystal ists fi»» tb« D«fey®»Se.li»»«i» dlagraa ef tto# eiiM© 
a^difl-eati  ^&m givsa in Tsli® §| tfe« ©fet»to®d- foy the 
mit onb# #€g® i# sltgbtly twtiasr febfttt tlist i'ep#rt»i hj 
fM p#eai«t]ptgii#ti sodlflsatlc® m» aot ©I-' 
tala#i ia tb# p&m tmmm ami b# atttsft waa aai© to iiM3#x %hm 
©rfstal sia@« • it Appmrnea to- 1># @f 1#* • I© slagl® 
mwjstmla wtp®. im tl»s-# lilglilf oxiids 
aiMS p©w^«r 4&t-a al©«# is laftSefrnt# t© €®f 
th# e©Fr®-e% s#ll an# spa-®® group f©y ei^stel# of a fl,fai»®-tFy 
mu^$b l&mmr timm ©abl©« 
fij# sl«w -rate of &«av«:rslea free <m® c f^stal fera to 
aaotfea  ^ »l£#.» tht ttmperattt?# at whieh. %h® ex,M® Is f-ormsd 
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Table i 
- • Itftg' • 
Dlamet#!? 
in xm. 
Inten-
sifcy 
Bragg 
Angle •Ma® # 
; Unit 
Cube 
„ .WE#.., 
55.27 I 10°-6' 0.05075 211 10.77 
50.33 t 14 0-25» 0.06199 222 10,76 
58,27 B 16°-41' 0.08242 400 10.75 
ex.74 1 17 0-41' 0,09227 114,550 10,76 
60.60 i 19 °«39' 0.1151 2S5 10.74 
75.06 1 21°-50' 0.1543 150,1S4 10,73 
63*44 •• $ 250-54f 0.1641 440 10,77 
91*68 • 1 260-16' 0.1958 im.nm • 10.7S 
99.08 ' 1 200^25' 0.2260 226 10.75 
101,03 i 280-57' 0.2345 1S6 10.79 
103.86 • 1 0.2462 444 10.75 
Zm^hmrtmrnn^^ sxi>epla@atal 
iteit mm Mam io-M A*V* - m^m a.o. 
Cm -« i ea« 
44- • 
tilt mm% laipartftnt fsoteT ia tfa« pr«p«i?a|.i©» oi & gtvm. 
m&ditlm%im mtber tbmu tli« f iaal to 
wlilGli i% is If tb# Ib emri'i#^ ©ut hj 
Mtmtting lgnlti« la a e#M el#etFie ip«si«tfito,e@ fmra®'©# 
«iii li««tlag t© til# d«sirei tM tmtrmgouml t&wm 
Is always mM pTOl«g«i h«ating 1# r«tul»d t& ®©a-
it %:& t:h® emtoi®l©w®v®r. If tli# ©mii®'is pr©dme«t 
hf •yapldif igaltlag tlso by€i»®xi«i« im m short ti©« at t#ap#»-. 
tiar«a ©f«r fS®® » almtmr# ©f th® '©tttfie aai p««ttd®ti*ig©nal 
f©»s Is #Maiii«a wii©#® i*©ls%i¥« ane-ttiits iiafiliiai®«4 
upm fmtimw ii«atiag» • fli# traasitl« U®tw®#a thm 
t#tfag®a«l loid til® ©afei-e »oiif'lsa.tl«# li#s 13®1« @00®' §*•$. »©. 
f©iw waa bf t&« tgnltloa ©t tli# omlat® 
•wfalefc #«e©mpes#s at a Mglser th»a tb# altyat# oi? 
tli« teydfoxia#, fh® ftatele fer® »fts s#- &om3?« at 
1000^ e# wttheiat im##tg#lag asf trmlsltl.« t# th® 
trigonal »©dl.fle*tio»« A 48*liomf igaitim of tfe® at 
se©® €• froi3tte«i mm smmph&m ©:sii®.» ftlss®jppti« gfeetfrn 
©f tfeis ©xii© ©insisted «f «xtr«B#l|' ilfftts# bands- «ntf tfa® 
a© i«.flaite patfc«mi fttrtii®!* 
fe®«tiiig at 600° e» ga*# « mlxtmi'© mi tb# e«Me totf t#trmg#!i&l 
f#fas« 
was in tli# imw&gmml fom 
ftiMS in tw® a««lfie#ti#»s wfeldli h&m 
mmn a-«®ipi©tec. tej X mm& '!• ffe» €at& f©r tfe® Mxag^al 
f©m ar® g-lfea 1», t*W@ if tli# ilasailea# i5al«ttl«t«a fo'f tto.® 
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aslt e#ll mm la ©l#s# sgre«ii@at wt.tli those ©tot»ln#)S "by 
lai« tfe#. X f r m  t k m  
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diffuse &i ttii® fti© awm^w 
of lla@s ©tes»-rf## lB©.j»®aaei: wltsli 'Im&mmlmg ««ipl« tbiete##® 
&# tb® weitfcef Ha®#- m&T& %r©agM oat with thm %mQTm-m94 patli 
l#sgtli &i %&« llffafc* 
la int&nme lia®B aaj »ftlt t© salt 
a»i liii#s afpoaf In app^oxlMat#!  ^ tlj© saii# pias« wltfe #®Its ©f 
fcii# sp#=#tp«. f©i»" tfe© ftoe® 
©jpfBtal aoaifl«fttloiis of prfis«#df»l« ei>»#r»«<S 
mm- sMft#i bimdred ,*«*« ini»%ii'» t«, tis# j»»a f• 
parable isultiplets #f otbei  ^ pyas«.ei^siw #oap©iBBi<3s| %Mf is 
p©»-8ibly a result e,f the more mjstmt fi#li.s, fli® 
mp%%tm &t tb# «ii-« C'CRSiat &f -a ip#'i wtitipl#* mt • tOOO 
stir©*  ^@#»««p«ailmg t# tb# fcraagitlQ» tn %hlm .aalti* 
pM%. ta »©d#rat«lf *»al- «t tsi!}p#»t«r#« sni sfcr©ag at 
t«iap®rattii»#s* fii© ijhme mrj strong »»itipl.@t« m-mmetns 
the Ma® region arise from tpanoltlon® fw®. a % to a %. 
antf Spg. She stomg llnw ol«.OTV9d owrll® a general 
.iibs.e*»p*;i« wlilefe Increattaglf ttFOiig witto. ®b©i*t©jf 
mt# Isagtls* 
.A» isileattm #f the 3P©lsti¥# #f tli« «l©©ti'leal 
fi#li«: the mwm «arth ion in thm v®3Ptoas ©rystal. ai©il* 
fiestioti® »»s ©Itala## fir« « -of sp®©t«* It 
Ms hmmm. ©tos«w®i that th# apastw fe«e«e iji©#©ssi»gly e«p3.@2E 
as t!a» sjmsrn^rf ftteit tbm Im AmmmmB* lit gmm&mtp thm 
sfeeat tbm i» wiii a#% fe® tfe® mwm «s tb# nfysial 
tout will oleself it, ffe#' y2*««#oa.ypsii«a 
5i •* 
«ultipl©ls la tb# t#%,p«g©aai aoaifleatioa ©f @m,i?©piiiia ©:Eia« 
a» se««»liat io twom thme la tfc# 
ani tfe® I fow» lantliamjji mM» Imt ar@ la 
slMpll-eilf t© tfeess of the fh® spee-
truan of th© I £ovm is very similar to t^at ©f th® 
©rfs%&i bmt contains an additional ©f ll»es.*, 
•••• tb# inflate:# mi QrjBtml #a a pafMsttlay 
icultlplet «f tM afe^orption spectra oi emaroaim #xii® *f hm 
mmn ia Pigtt:» i| %im iiaffsas tm- m&m 
bmw& ba®ii la Figux^ 6 foap e«®p«riaea.» fii© origin of 
til® layg® of sharp lines ta tb# sprntrm of 
tbm i oxM® is n®fe ©les^f %ii« Qm0iMM, x-my fow«a®t' pat­
tern BnA tti# spectra indicate m mfBMl &i Im Msmmtwf,- It 
is poisible tMt, tii« Q©at«.ir«fi aoa»©q«ii¥®l«iit eiarofiw 
tmm la fltMs «f s\ifflcisn,tly different •lat«a«itf aai sya-' 
mmtwf- fee i&v thm «xtpa lines, A ia tb® a«~ 
g#ii«»©y #f tfc# lattt®# .la ©f lowei-
witli a ipesultant lfie^#as© to tli« a«b©t» of 
»i «l#e%rmt# lla®# is ma. #lt®¥aa-%# p^ssibilitf 
t# tilt postulate ©f non-«qyival@Bt Mtre earth l«it» If til® 
«iltipi«ts containing an extra nxaBiber ef sb&s^ lia#s nr® 
% fmrther work a# in ©rlglii, tfa# 
ol#s#-l3'i.a:g lta#i probably m%m% frm ©ar^plwa 
l^si' «ai if th#f mm- a-et «l«etr©iii©,. tli# pTObafellity 
tire postnlai® ©f tb« lacre«®#a aOTber ©f vtbrntlens 
with a l»er ci^stsl sjiiaastrf• 
• 152 *. 
Table 8 
ltei«rption Speetra ©f PrgOg In m. 
a#x«gonal Latti®# -Qf MgOg 
Mfuid Kg Temp. 1<kw fewp. 
y"" j jq- -
6115,6 
6113.0 
6110,4 
16547 
16SS4 
16361 
S«: 
6120*8 16S3? 
6111.S 16358 
61C5.@ 16379 
m 
6107.4 
6104.4 
6101,8 
16569 
16577 
16SS4 
Si 
5984.5 
5978.4 
5972.7 
16705 
16722 
16738 
m 
5966.5 
16717 
16737 
16756 
©a 
5947.9 
5941.5 
59S5.1 
16008 
16826 
16844 
1« 
5947«& 
5937.3 
5920.0 
16009 
16838 
16867 
5911.3 
5906.7 
5902.2 
16912 
16925 
169S8 
m 
5908.1 
5900.8 
5893.5 
16921 
16942 
16963 
m 
4828.8 
4825.1 
4821.4 
20703 
20719 
20735 
4811.2 
4807.5 
4804*0 
20779 
20795 
20810 
SltS.S 
Sllf.i 
5111.5 
19511 
19535 
19558 
4964.1 
4959.4 
4955.0 
20139 
20150 
20176 
#s 
4964.8 
4959.1 
4953.7 
20136 
20159 
20181 
m 
4937.8 
4933.0 
4928.1 
20246 
20266 
20286 
16« 
4934.7 
4930.8 
4926.6 
20259 
20275 
20292 
^<0 
fable S 
(Continme^l 
M-tuid Ig f«ap. Room Teap-
4® 
•Ji T om,*  ^ I ^ f 
4792,2 20861 4789.0 20075 
4780.1 20891 Iti 4781*2 20909 ti 
4778.5 2092g 4773.7 20942 
4604.2 21715 
4592,8 21767 
4581.8 21819 
4-516.4 •ttlSl 4506.0 22166 
4507.7 22178 m h 4491.3 22259 M • 
4408.9 22221 4471.0 22356 
4493.1 22250 
4489^8 22266 
4486^ 6 22282 
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Itosortjtion Spectra ©f PrpOg ia tim 
"X*' Lattice #f 
% tmmp*: Bmm f#ap» 
6112.6 
6107.4 
6ioa»2 
16355 
isstt 
i-ifsa 
m 
6119.7 
6111.1 
6103.3 
16336 
16559 
16380 
CM. 
6042*4 
6040,9 
6039.1 
16545 
16549 
16564 
m. t, • 
6040.7 
6045.8 
€0®#,S 
16525 
16544 
%mm 
Od 
60S6.9 
6035.5 
6033.7 
16560 
16564 
10569 
m 
6000.7 
5998«9 
mm ml 
16600 
16665 
16670 
• m 
5946.6 
5958*3 
Stg0.»t 
ISSll 
li-SSS-
16859 
lOd I* 
5941 • t"} 
gS»i«.S 
5029.9 
16025 
16042 
16059 
m 
5907.4 
5005.0 
59v02,2 
16923 
16930 
16938 
Oi, 
6822,8 
5821»8 
5820.8 
17169 
1717g 
17175 
• #s 
5786.7 
5784.0 
5785.7 
17279 
172B4 
17289 
Is I, 
5793.4 
5786.7 
57B0.0 
17256 
17276 
17296 
m 
5775.7 
5774.7 
6774.0 
17509 
17312 
17314 
S# 
f3748»l 
5747.5 
5746.5 
17S92 
17394 
17397 
Oi. 
* 
fable f 
{Gont.ranca; 
^ ^ _ _ _ _ ™ . 
**" "" W "" i "" "f"" *" Jo" J "" ""f 
5121,0 
53.14*1 
5107,3 
19522 
19548 
19574 
- m  
4900.6 
4950.6 
4956.9 
20153 
20X61 
20168 
m  
4962.6 
4957.9 
4955,5 
20145 
20164 
20182 
m -
4934.7 
493S,0 
4931.2 
20259 
20266 
2027$ 
4# 
4954.2 
4miwO 
4927,8 
20261 
20274 
20207 
^ ta 
4902.7 
4901.3 
4899.6 
20591 
20597 
20404 
1# 
4875.9 
4871,4 
4866.9 
e0503 
20522 
20641 
3^ % 
4878,1 
4b73.1 
4867,9 
20494 
20515 
iossi 
. m 
4849.2 
4845,4 
4841.2 
20616 
20532 
20650 
m 
4852.5 
4847.1 
4841.5 
20602 
20625 
20649 
. m 
4827.7 
48t4.i' 
4821.4 
20708 
20721 
20755 
.. m 
4810.9 
4806.8 
4802.6 
20780 
20798 
20816 
. m 
4790.1 
4795.0 
4795.2 
20040 
20849 
20857 
m 
4789.7 
4784.7 
4779.9 
20872 
20894 
20915 
m 
4785.1 
4782.4 
4779.6 
20892 
20904 
20916 
m  
4773.7 
4771.2 
4768.5 
20942 
20955 
20965 
m 
»• 
Tmrnm S 
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•Ak ^ e»«"  ^ I If 
4747.4 
4740.9 
4734.4 
21058 
21087 
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lOd t 
4746.3 
4741.6 
4737.1 
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m 
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m L 
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4717,0 
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21178 
21193 M 
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4703.6 
mm.*M 
4695.0 
21254 
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4672.6 
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4659.1 
21395 
21426 
21457 
m 
4616.2 
4513.0 4d09.'7 
221S6 
22152 
22168 
m 
4503.2 
4492.9 
4482.6 
22200 
22251 
22502 
lUd 
4478.6 
4473,2 
4467.e 
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22549 
22376 
m. 
-• 5^  
fftM® 10 
Abaorptitm •Spiiatfa ©f ® 
t@tpagoml lAttl#® of Eti2% 
liiqttid Ig 
0®» -1 «• 
5937.8 
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5984.9 
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ti 
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6245.5 
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16012 
16024 
m 
G196.3 
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CM 
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6145.7 
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ii 
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li 
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m 
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20172 
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m 
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E0S29 
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m 
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m 
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4839.8 
4834.4 
4829.5 
20656 
£0679 
20700 
10s 
4039.6 
4832.3 
4825.5 
20657 
20688 
20718 
8d 
4810.5 
4802.1 
4794.5 
20782 
20818 
20862 
108 
4809,1 
4798.1 
€791.1 
20805 
20836 
20866 
4747,0 
4743.8 
4740.9 
21060 
21074 
21088 
4725.6 
4720.7 
4715.B 
21155 
21177 
21199 
oi 
4640.7 
4634.7 
21542 
21570 
21596 
M 
4587.3 
4582.9 
4578,7 
21793 
21814 
21854 
4587.1 
4576.4 
4565.5 
21794 
21845 
21897 
2d 
4574.1 
4570.9 
4567.4 
81866 
21871 
21888 
7® 
4547.0 
46S8.6 
4530.5 
21986 
22027 
22067 
lOt x. 
4540.8 
4524,8 
22016 
22055 
22094 
•Si 
§ 
 ^ . 
o i-H "O (Q 
o o JH 
5 
frf 
e' 
I 
i®-
c» Oi 
sw 
o 
<« 
<& 
o 
rt 
I 
1 # A 
« 
« tJ 
i g 
fe 
K fc 
88 
•» ii 
o 05 iO o 
to H 
r4 (M 
t I 
© £^» C3 
m r4 <SQ r4 
HiOJ 
m. 
8SS 
ri 
:»• Ii « 
IS-CM to 0> ® ® <0 © o H »-4 05 
• I • • 
m ^ 
^ f 4 . i  
Oi O r-l CSS O O OS 1-^ r-j ^ tH 
$ 11 w g II t « 
to rt C3 i> "# iH 
to «5 CO 0> CO © to CD H f-i 5- o O 03 50 O O O «-l r-l oa Hi OJ M OJ 0^ 0  ^ oa 
I I I I I I i 
#>^1 O iO to 0> i>!»a31» ^ 
m &i CQ CD r4 fi lO 
«J p 00«^r4W W 03 OJ ca 03 oa 

* §1 ** 
DISC'UBSIOH m 
i.»yitwi©nt cons true tei t» tii» ©f tfct® 
alj#®rp%i©ii ®f solids pfoAmmM tls# a«toi»F 
p#s«3.ta wMsa «8#i #s a spectrogf-afls siae# tfe® 
a»fli©i' ef «s#d- tto# 
operation #f'the spectrophotometer mt %hm l®v«3. of a«ialti¥« 
Itf y«.iat»i iDy the high optical d©Biit|r mt tli# If 
« #•»§%»»% wItAg# smfply-is ©^la.ia#i fttf tli# 0mmtm mm.<& tk« 
pfe©t«Baltlpl,l«r:.jf tlie spectrophotometer w©ald -pfmMm m&m 
mmmmJm •iM'emmM.m m lateailtles mt th.® 
It *# #«a*#rfc- th« «pietroflioti»#t«ip t® &m 
Feoordlng ijcis.%iia«at t# m^mm th© tts® 
f®!* «f tii« •.mtesorftl.oa «p®eti«a. 
41tJii§agte 'tfeat tla<6 toasi-e l@¥ei 
*11.1 Ins-^  split ist# fottp toy eryat&l 
fields ®f eubic Myvm&trj aai into rtiii# with 
©f l#w #®finite #irid©nG0 was «fet&ia«4 fOF fch® ©x-*-
Istencs of only toe low-lying Ife i« ^veh&%lm th.«t 
th@ l#ir«ls mm higher sin## tto fi@ias mm^ stafl 
.® putt lag ©f th# Is gf«&t©-i»-» fh# p«palatloii ia 
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fli® mteinrption tpectruni of .«#s<|aloxii® em-
talwi im.' the #ia:F#pitai ©MS® s» well aa 
is. til# hrn^gm&l and X f onus ©f 'Imnthmwm oxii® wm obtaiii®a 
at «si' lOO* S«.lf i», lleetrcaie l@wla *t- 0 mnd it wmw» 
mmWmrs £mm& for the pr&aeodjMivm oxMm la tfass# thmm 
% j p m  of e.ffatal t feme tare. 
Methods &i preparation X'<*mj i«t« «» .git®o f©r tii® 
following crystal moaificati@i» ©f tli« mm mmth i 
s t©tra.g:#a.al mmM a f ©iw of «a#©f>iia». mMm, a h#mg0aal 
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fM i.#slfa perfOFinance air# giwm tm m .Mgh iisp#r-
sl« grating specti-ophotoart'tir ©.oastPttetti la tkt# mmmrn of 
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